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HANDWTTCTT ^QPERATED DEVTCF. 
Field of the Invention 

This invention relates to a Iiandwheel-operated device and to a method of controlling a 
motor of a handwheel-operated device by sensing rotation of the handwheel and causing, 
the motor to rotate a chuck in dependence upon the rotation of the handwheel: 

Background to the Invention 

Mechanical devices of the kind having a handwheel connected to a chuck through a gear 
train, so that rotation of the handwheel causes a corresponding rotation of the chock are 
well known. Hand drills and hand whisks are examples of such devices. These 
handwheel-operated devices are popular because a handwheel affords a high degree of 
control over the speed of rotation of the chuck. However, me magnitude of the speed 
aud/or torque that can be developed at the chuck is limited by the magnitude of the speed 
and/or torque applied to the handwheel, which must be provided by the user. Such devices 
are therefore unsuitable for use over long periods or by users who lack physical strength, 
or if high levels of both speed and torque are required. 

Summary of the Invention 

According to a first aspect of the invention there is provided a handwheel-operated device 
comprising a body, a handwheel causes aaad a chuck, me handwheel and the chuck being 
rctatable relative to the body, the device further comprising a first motor operable to rotate 
the chuck, first sensor means responsive to rotation of the handwheel and first control 
means operable in conjunction with the first sensor means to cause the first motor to rotate 
the chuck in dependence upon an angular displacement and/or angular velocity of the 
handwheel. 

* 

The invention therefore provides a handwheel-operated device mat is operable by a user in 
the same maimer as a conventional handwheel-operated device, such as a band drill or a 
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obtain high angular velocities of the chuck that would otherwise require speeds of rotation 
of the handwheel that would be difficult or Impossible for the user to achieve or sustain 

Precise control of the angular displacement of the chuck is useful where the device is used, 
for example, as a screwdriver, and a user wishes to align a screwdriviag bit in the chuck 
of the device with a slot in the head of a screw. 

The first sensor means may advantageously comprise an angular displacement sensor such 
as a rotary encoder. Preferably the handwheel is attached to a shaft of the angular 
displacement sensor. 

In a preferred embodiment of the invention, however, a first gear wheel is attached to the 
shaft of the angular displacement sensor, a second gear wheel is attached to the handwheel, 
and the first and second gear wheels are eugageable with one another either directly or via 
one or more intermediate gears, so that each revolution of the second gear wheel causes 
the first gear wheel to rotate through more than 360°, preferably a plurality of revolutions. 

to this way. an inexpensive low-resolution angular displacement sensor, which produces, 
say, eight pulses during one revolution of its shaft, can be used, because each revomtion of 
the handwheel will cause several revolutions of the shaft of the angular displacement 
sensor, and therefore a multiple of eight pulses during a revolution of the handwheel. 
Thus, provided that the ratio of the diameters of the first and second gear wheels is 
sufficiently large. The performance of an expensive high-resolution angular displacement 
sensor can he obtained using an inexpensive low-resolution encoder. 

The device may advantageously further comprise second sensor means operable to 
detomine a torque developed by the first motor, torque feedback means coupled to the 
handwheel and second control means operable in conjunction with the second sensor means 
to cause the torque feedback means to oppose the rotation of the handwheel. 
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Preferably the device farther comprises switch means engageable with me handle, such 
that the first control means is operable to cause the first motor to rotate the chuck only 
when, the handle is in the extended position. 

Alternatively, the device may include a further manual control (for example a trigger 
switch), manipulate to cause the first motor to rotate the chuck when the handle is in its 
folded condition. 

Preferably the device is a power tool. 

La one embodiment of the invention the device iB a cordless electric drill. 

In another embodiment of the invention me device is an electric food blender. 

According to a second aspect of the invention mere is provided a method of controlling a 
motor of a handwheel-operated device, the device having a body, a handwfceel, a chuck 
and a motor, the handwheel being rotatable relative to the body and the motor being 
operable to rotate the chuck relative to the body, the method comprising sensing rotation of 
the handwheel and causing the motor to rotate the chuck in dependence upon me angular 
displacement or angular velocity of the handwheel. 

The invention will now be described by way of iUnstrative example and with reference to 
the accompanying drawings, in which: 

Figure 1 is a perspective view of a cordless drill in accordance with the first aspect of the 
invention; 

Rgure 2 is a schematic sectional view of the drill of Figure 1; 

Figure 3 is a partial schematic sectional view of the drill of Figures 1 and 2 along the line 
A- A; 

Figure 4 is a block diagram of a first control scheme for the drill of Figures 1 to 3; 
Figure 5 is block diagram of a second control scheme; 
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rotated, the second motor is driven. The second gear wheel has a diameter that is between 
three and four times the diameter of the first wheel. For each revolution of the handwheel, 
therefore, the first gear wheel makes between three and four rotations, which increases the 
effective resolution of the second rotary encoder by between three and four times. 

The handwheel 36 has a folding handle 38, which is shown in an extended position in 
Figures 1 and 2. The handle can be moved into a folded position, and is engageable with a 
microswitch (not shown) in the folded position, which microswitch disconnects tbe second 
rotary encoder from the first control 

The first motor and gearbox are secured in the body by resilient mounts, which allow a 
small amount of torsional movement of the motor and gearbox relative to the body. The 
gearbox is formed with a radially outwardly projecting member 40. A piezoelectric crystal 
(not shown) is located to either side of the member 40 such that if torsional movement of 
die motor and gearbox relative to the body occurs, a force is exerted on one or other 
piezoelectric crystal. 

The arrangement of the member 40 and the piezoelectric crystals is shown more clearly in 
Figure 3. in which the piezoelectric crystals are denoted by reference numerals 42 and 44. 
Figure 3 is a sectional view along the line A-A of Figure 2. 

Figure 4 shows a first control scheme, in which the speed of rotation of the handwheel is 
measured and a pulse width modulated (PWM) voltage of magnitude proportional to the 
speed of rotation of the handwheel is applied to the first motor. As the handwheel is 
rotated, pulses are generated by the second rotary encoder. A first clock 46 detennines the 
frequency of the pulses and generates a signal representative of the speed of rotation of the 
handwheel. The signal representative of the speed of rotation of the handwheel is used to 
generate a FWM voltage which drives a first field effect transistor (FET) h-bridge 4S. The 
first motor 26 is connected across the first h-bridge 48. 
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la the control scheme of Figure 7 the handwheei 14 is rotated and causes the spindle of the 
second motor 32 to rotate and the second rotary encoder 56 to generate pulses. The first 
clock 46 measures the frequency of the pulses from the second rotary encoder and 
generates a signal representative of the speed of rotation of the handwheei. An amplifier 
58 applies a gain to the signal representative of the speed of rotation of the handwheei to 
generate an amplified speed signal. The gain of the amplifier increases with the magnitude 
of signal representative of the speed of rotation of the handwheei. Figure 8 shows the gain 
characteristic 63 of the amplifier 58 with gain plotted against magnitude of the signal 
representative of the speed of rotation of the handwheei. Gain is plotted on the y-axis 65 
and magnitude of the handwheei speed signal on the x-axis 67. The gain of the amplifier 
therefore determines the ratio of the speeds of rotation of the chuck and the handwheei. 
Hie amplified speed signal is applied to a first proportional plus integral (PI) controller 60. 

The spindle of the first motor 26 rotates and causes the first rotary encoder 28 to generate 
pulses, A third clock 62 measures the frequency of the pulses and generates a signal 
representative of the speed of rotation of the first motor. The signal representative of the 
speed of rotation of the first motor is applied to the PI controller 60. A current sensor (not 
shown) measures the current flowing through the first motor and generates a sig nal 
representative of the current flowing through the first motor. The current sensor transmits 
the signal to the first Ft controller 60. The first PI controller 60 generates a PWM voltage 
to drive the first h-bridge 48 to cause the spindle of the first motor to rotate at t&e speed 
determined by the gain of the first amplifier 58, whilst ensuring that the current flowing 
through the motor remains below a safe limit. The current limiting operation of the first 
PI controller 60 is explained in more detail below in relation to Figure 9. The battery 24, 
which was omitted from Figures 4 to 6 for the purpose of clarity, is shown in Figure 7 
connected to the first h-bridge 48 and the second h-bridge 64 across which the second 
motor 32 is connected. 



The piezoelectric crystal 42 and 44 generates a voltage proportional to the torque 
developed by the first motor 26- An attenuator 66 attenuates the voltage generated by the 
crystal 42 to generate a signal representative of a fraction of the torque developed by the 
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torque, rather than measured directly. The operation of the first motor 26 > first rotary 
encoder 28, second motor 32, second rotary encoder 56, first clock 46, amplifier 58, first 
PI controller 60, first h-bridge 48, attenuator 66, second PI controller 68, current sensor 
70, microprocessor 72 and third clock 62 Is as previously described in relation to Figure 7. 
However, tie first PI controller 60 receives the signals representative of the first motor 
current from voltage and current sensors 82 operable to generate signals representative of 
the voltage developed across, and current flowing in, the first motor 26, 

The voltage and current sensors 82 transmit signals representative of the voltage developed 
across, and current flowing in, the first motor 26 to a second microprocessor 84. The 
second microprocessor also receives pulses from the first rotary encoder 28 and generates 
a signal representative of the load torque developed by the first motor 26 7 which is 
transmitted to the attenuator 66. The second microprocessor 84 implements a model of the 
motor, which is explained in greater detail below with reference to Figure 14, The 
attenuated torque signal is transmitted to the second PI controller 68 to cause the second 
motor 32 to generate a torque proportional to the load torque generated by the first motor, 
which torque opposes the rotation of the handwheel 14, as previously described. 

Turning to Figure 14> this shows the model implemented by the second microprocessor 84. 
In the following description it is to be assumed that signals representative of a particular 
variable are signals representative of the Laplace transform of that variable. The second 
microprocessor receives a signal representative of the voltage applied to the first motor 26, 
and the current through it and a signal representative of the angular displacement of the 
rotor of the first motor from a reference orientation. From previous angular displacement 
signals the second microprocessor determines the actual speed of rotation of the rotor of 
the first motor. Using the model an estimate of the motor current and speed may be made. 
The estimated speed generates a signal representative of the back emf generated by the first 
motor. The back emf signal is substracted from the motor voltage signal to generate a 
signal representative of the estimated voltage across the windings of the first motor. The 
secdnd microprocessor uses the estimated windings voltage signal to generate a signal 
representative motor current and of the total electrical torque generated by the first motor 
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Ka " electric constant of the first motors aad 

V telDf ~ Laplace transform of the estimated back emf of the first motor. 

Returning to Figures 11 and 12, the handwheel assembly of the drill of Figures 1 and 2 
comprises the handwheel 14, folding handle 38, spindle 86 to which the handwheel is 
attached, circular thrust plate SS through which the spindle 86 passes, and micxoswitch 90. 
The folding handle 38 is pivotally attached to the hand wheel 14 and is formed with a cam 
92. In the folded position (as shown in Figure 11) the cam does not engage with the thrust 
plate SS, which is biased towards the handwheel 14 by the micros witch. In the extended 
position, however, (as shown in Figure 12) the cam engages with the thrust plate 88 , 
which causes the rnicroswitch to be depressed, closing the microswitch. The second rotary 
encoder 56 is connected to the first clock 46 by the rmcroswltth such that the handwheel is 
. operable to control the rotation of the chuck only when the handle 38 is in the extended 
position and the rnicroswitch closed. When the handle 38 is in the folded position (and 
therefore inoperable to control the rotation of the, chuck, the rotation of the chuck may be 

controlled by the trigger switch 20, in the manner known from conventional cordless 

drills. 

Figure 13 shows a hand whisk 94 in accordance with the first aspect of the invention. It 
will be appreciated that the electric hand whisk has two chucks (not shown in Figure 13), 
one for each whisking element 96 and 98* The hand whisk 94 has a handwheel and a 
handle 102. In this embodiment of the invention the handle 102 is not foldable, siace the 
whisk can be disabled simply by unplugging it from the mains electricity outlet to which it 
is connected. 

It will be apparent that the foregoing description relates only to six embodiments of the 
invention, and that the invention encompasses other embodiments as defined by the 
foregoing statements of the invention. 
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